In the past, intrinsic viscosity and sedimentation velocity analyses have been used separately to assess the conformation and flexibility of guar and locust bean gum galactomannans based on worm-like chain and semi-flexible coil models. Publication of a new global method combining data sets of both intrinsic viscosity and sedimentation coefficient with molecular weight, and minimising a target (error) function now permits a more robust analysis. Using this approach, values for the persistence length of (10 ± 2) nm for guar and (7 ± 1) nm for locust bean gum are returned if the mass per unit length M L is floated as a variable. Using a fixed mass per unit length based on the known compositional data of each galactomannan yields a similar value for L p in both cases, (8 ± 1) nm for guar and (9 ± 1) nm for locust bean gum, with combined set of data yielding (9 ± 1) nm: within experimental error the flexibilities of both galactomannans are very similar.
Global hydrodynamic analysis of the molecular flexibility of galactomannans 
Introduction
Recent studies have demonstrated the usefulness of the so-called pressure cell method for the solubilisation of galactomannans and subsequent analysis of molecular conformation and flexibility (guar gum and locust bean gum (LBG)) (Picout, RossMurphy, Errington & Harding, 2001; Picout, Ross-Murphy, Jumel & Harding, 2002; Patel, Picout, Ross-Murphy & Harding, 2006) . It was found that intrinsic viscosity,
[η]; sedimentation coefficient, s o 20,w ; z-average radius of gyration, r g,z and weight average molar mass, M w all decrease with increased temperature and heating times, although at temperatures > 100ºC the concomitant application of pressure appears to have a protective effect on polysaccharide chain degradation. Data sets of intrinsic viscosity versus molecular weight, radius of gyration versus molecular weight or sedimentation coefficient molecular weight then permit not only simple estimates of chain conformation type (sphere rod, coil etc) from power law or "Mark-HouwinkKuhn-Sakurada" types of analysis but also estimates of the flexibility via the chain persistence length L p from more sophisticated representations such as the BurchardStockmayer-Fixman (BSF) (Stockmayer & Fixman, 1963) , Hearst (1963) and Bohdanecky (1983) Yamakawa and Fujii (1973) . Table 1 gives a comparison of some of the values for L p returned. The way these approaches are implemented can lead to significant variability in the results, i.e. contrary to expectation, L p is model dependent (Bohdanecky & Petrus, 1991; Ortega & García de la Torre, 2007) . This is ably demonstrated by the different persistence lengths calculated by the BSF and Hearst approaches, yielding ~3 nm and ~9 nm, respectively for these galactomannans (Picout et al., 2002) . It therefore provides objective criteria for whether, or not, a particular data set of experimental data ([η] versus M w for example) is consistent with the other data. We have therefore decided to interpret further our previous data (Picout et al., 2001; Picout et al., 2002; Patel et al., 2006) in the light of this new approach.
Combined (Global) Analysis Method (HYDFIT)
The linear flexibility of polymer chains are represented in terms of the persistence length, L p of equivalent worm-like chains (Kratky & Porod, 1949) where the persistence length is defined as the average projection length along the initial direction of the polymer chain and for a theoretical perfect random coil L p = 0 and for the equivalent extra-rigid rod (see for example Harding, 1997 ) L p = , although in practice limits of ~ 1 nm for random coils (e.g. pullulan) and 200 nm for a extra-rigid rod (e.g. schizophyllan) are more appropriate (see for example Tombs & Harding, 1998) . Chain persistence lengths, L p can be estimated using several different approaches using either intrinsic viscosity (Bohdanecky, 1983; Stockmayer & Fixman, 1963; Hearst, 1963) or sedimentation coefficient (Yamakawa & Fujii, 1973; Hearst & Stockmayer, 1962) measurements. For example the Bohdanecky relation (Bohdanecky, 1983) :
where is the Flory-Fox constant (2.86 x 10 23 mol -1 ) and A 0 and B 0 are tabulated coefficients (Bohdanecky, 1983) and the Yamakawa & Fujii (1973) form of the Hearst-Stockmayer (1962) equation : ( ) Yamakawa and Fujii (1973) nm for each galactomannan). As before the assumption is made that hydrodynamic interaction between chain elements is so strong as to exclude intramolecular draining effects (Tanford, 1961) .
We considered two possible cases:
1. the chain diameter, d was fixed at 1.0 nm for each galactomannan and the mass per unit length, M L was fixed at 490 g mol -1 nm -1 , 410 g mol -1 nm -1 and 450 g mol -1 nm -1 for guar gum, locust bean gum and combined data sets for both galactomannans (Picout et al., 2002) . In each case we have treated guar and locust bean gum separately and in combination.
Results

Fixed diameter, d and mass per unit length, M L
The best estimates for the persistence lengths of galactomannans are the minima of the target (error) function, ∆ -y-axis in Figure 1 . We can see that the persistence lengths ( Table 2 ) of ~ 8 -9 nm which is in good agreement with the results from the Hearst, Bohdanecky and Yamakawa-Fujii approaches in our previous analysis (Picout et al., 2001; 2002; Patel et al., 2006) and with computer modelled data for hypothetical galactomannan molecules of ~ 8 -12 nm (Petkowitz, Reicher & Mazeau, 1998) . ranging from blue (∆ = 0.13) to red (∆ = 1.00). We can see that persistence lengths (Table 3 ) are in the range 7 -10 nm and in good agreement with those calculated when the mass per unit length was fixed and with the results from the Hearst, Bohdanecky and Yamakawa-Fujii approaches in our previous analyses (Picout et al., 2001; 2002; Patel et al., 2006) and with the computer modelled data of Petkowitz et al. (1998) .
<Table 3 and Figs 2a-c near here>
The calculated values from the mass per unit length differ from the predicted values (Picout et al., 2002) by ~ 10 -20 %. It should however be noted that all values of target (error) function, ∆ within each contour in the combined analysis plots vary by ~ 5 % i.e. less than the error in the original experimental data; clearly the results for the case of fixed mass per unit length fit well within these minima.
Discussion
Whilst giving extra confidence in the values for the persistence length obtained the global method has not given results too different from the intrinsic viscosity and sedimentation coefficient data that had previously been used independently (Picout et al., 2001; 2002; Patel et al, 2006) . The combined analysis method Multi-HYDFIT (Ortega & García de la Torre, 2007) has been shown to give unbiased estimates for both, the persistence length, L p and mass unit length, M L .
It may have been expected that the stiffness of the wormlike galactomannan chains would increase with decreasing galactose: mannose (G:M) ratio i.e. locust bean gum (G:M ~ 1:4) being the more stiff and guar gum (G:M ~ 1:2) being the less stiff, however as previously (Picout et al., 2002) this was not observed. This is most likely due to the reported block-wise (i.e. hairy and smooth regions) distribution of galactopyranosyl residues along the mannopyranan polymer chain. This is particularly reported for the case of locust bean gum (Clark, Dea & McCleary, 1985; Dea, 1990; Tombs & Harding, 1998) . 
